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Polygonatum cyrtonema Hua, a source of Polygonati rhizoma, possesses multiple health-promoting properties and is widely used
in food and medicine. Tis study aimed to elucidate the lifespan promotion abilities and potential mechanism of action of
P. cyrtonema Hua polysaccharides (PCHPs) on Caenorhabditis elegans. Te results revealed that PCHP had a molecular weight
distribution of 8.77×103−1.84×106Da and comprised Man, GalA, Glu, Gal, Xyl, and Ara in a molar ratio of 13.8 : 3.5 : 22.7 : 2.7 :1:
1.3. PCHP (5.0mg/mL) markedly increased the lifespan of C. elegans by 15.78% (p< 0.001), improved motility, and increased the
resistance to heat stress, UV irradiation, and oxidative stress. PCHP also promoted healthy aging by attenuating the accumulation
of reactive oxygen species (ROS) and lipofuscin. Furthermore, PCHP upregulated the expression of oxidative stress- and aging-
related genes, promoted the migration of DAF-16 into the nucleus, and exerted no efect on the lifespan of daf-2, daf-16, age-1,
skn-1, and sir-2.1 mutants. Tese results indicate that the transcription factors DAF-16, SIR-2.1, and SKN-1 are required for
PCHP-mediated lifespan extension in C. elegans. In conclusion, PCHP has the potential to attenuate the efects of aging, which can
lay the foundation for aging treatment research with P. cyrtonema.

1. Introduction

Polygonatum cyrtonema Hua is a medicinal plant of the
genus Polygonatum, which is mainly distributed in western
China and is widely used as a functional food and medicine
[1]. As one of the main sources of Polygonati rhizoma
(Huangjing in Chinese), its rhizomes are commonly
employed for treating diabetes, feebleness, fatigue, loss of
appetite, and lung problems [2, 3]. In traditional Chinese
medicine clinical practice, Polygonati rhizoma has been used
as medicine for over 2000 years and has high nutritional
values with multiple efects on replenishing the spleen,
moistening the lungs, boosting qi, nourishing yin, and
benefting the kidneys [3]. Previous studies have suggested
that the multiple biological activities of Polygonati rhizoma
can be attributed to various components, including

polysaccharides, steroidal saponins, triterpenoid saponins,
favonoids, phenylpropanoids, and alkaloids [4–6]. Among
them, polysaccharides are the most important bioactive
compounds in Polygonati rhizoma.

Te polysaccharide level is representative of the quality
of Polygonati rhizoma. Polygonati rhizoma polysaccharides
(PRPs) have been reported to possess numerous biological
and pharmacological activities, including antioxidative,
antiaging, anti-infammatory, antidiabetic, and anticancer
properties [7, 8]. PRPs also have immune-enhancing,
neuroprotective, and blood fat reducing efects [9].
P. cyrtonema Hua polysaccharides (PCHPs), the signifcant
bioactive components in P. cyrtonema, have gained more
attention for their various biological activities [8, 10].
However, diferences in the processing and source of Pol-
ygonati rhizoma result in changes in the molecular weight
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distribution and monosaccharide composition of poly-
saccharides, which further afect its activities [9, 11]. Fur-
thermore, its biological activity depends on other factors,
such as the structure, location, type, and spatial confgu-
ration of the glycosidic bond, as well as the acetyl group
attached to the residue [12, 13]. Te polysaccharides from
raw P. cyrtonema mainly consist of neutral polysaccharides
with a molecular weight fraction of 2.09–8.5 kDa, and the
monosaccharide composition mainly comprises of Gal,
GalA, Man, Rha, Ara, and Glc, in a molar ratio of 3 : 6 :16 :1 :
3 : 8 [13–15]. Te molecular weight fraction of poly-
saccharides from steamed rhizomes increased to
1200–4400 kDa, and the molar ratio changed to 7.3 : 5 : 6 :1 :
2.4 :1 after steaming and drying for one cycle [13–15].
Steam-bask and wine stewing are traditional methods for
processing Polygonati rhizoma; presently, the steam-bask
process has been partly replaced by steam baking. Raw
rhizomes are mainly processed by steaming to reduce
toxicity and enhance efcacy. Meanwhile, the steam pro-
cessing can reduce irritation in the throat and tongue [16].
Polysaccharides, both from raw Polygonati rhizoma or
processed by wine stewing, have the efects on delaying
aging [11].

Caenorhabditis elegans is a classic model for research on
aging based on the advantages of its short lifespan, easy
cultivation, broad availability of mutants, and highly con-
served longevity genes and signaling pathways between
C. elegans and humans [17]. Several signaling pathways that
extend lifespan have been identifed, among which, the
insulin/IGF signaling (IIS) pathway is a thoroughly studied
pathway involved in stress-activated protective responses
and aging [18]. Associated with the IIS pathway, DAF-16/
FoXO, SIR 2.1/SIRT, and SKN-1/Nrf2 are essential tran-
scription factors that can extend the lifespan and improve
stress resistance in C. elegans [18, 19]. Polysaccharides can
increase stress resistance and extend the life of C. elegans by
modulating the IIS pathway [20–22]. However, there are no
reports on the antiaging efects of P. cyrtonema onC. elegans.
In particular, the antiaging efects of PCHP and the un-
derlying mechanism in C. elegans are unclear. Considering
that the rhizome from P. cyrtonema processed by steam
baking is widely consumed as a functional food and med-
icine, we explored the antiaging efects of polysaccharides
from P. cyrtonema after steam baking.

In this study,C. eleganswas used to investigate the efects
of PCHP on the prolongation of lifespan and to uncover the
molecular mechanisms of antiaging and stress resistance.
Te lifespan, pharyngeal pumping, reproductive capacity,
locomotive behavior, intestinal lipofuscin, intracellular re-
active oxygen species (ROS), and stress-related indicators
were evaluated. Furthermore, the genes and insulin-like

signaling pathways associated with oxidative stress were
assessed.

2. Materials and Methods

2.1. Materials and Reagents. Te processed rhizomes of
P. cyrtonema (produced in 2020, steamed and roasted for
one cycle) were purchased from Jinzhai Runyuan Bio-
technology Co., Ltd. (Lu’an, China) and stored at −20°C
prior to use.

Te dialysis bags were purchased from YuanYe Bio-
Technology Co., Ltd. (Shanghai, China). All chemicals
and reagents were purchased from Sigma-Aldrich Trading
Co., Ltd. (Shanghai, China), Energy Chemical (Shanghai,
China), and Chengdu Kelong Chemical Reagent Co., Ltd.
(Chengdu, China). Te chemicals and reagents used in this
study were of analytical grade.

2.2. Preparation of Polygonatum Cyrtonema Hua Poly-
saccharides and Molecular Weights and Analysis of Compo-
sitional Monosaccharides. Dry rhizomes of P. cyrtonema
were ground and passed through a 60-mesh sieve. Te
samples were extracted using 90% ethanol via ultra-
sonication at 250W for 1 h. After removing the lipid-soluble
ingredients, the residues were dried in a heated air-dryer at
50°C and extracted using water via ultrasonication at 250W
for 1 h. Extraction was repeated three times. Te water
extract was concentrated, and ethanol was added until the
ethanol concentration reached 80%. Ten, samples were
stored at 4°C overnight to obtain the crude polysaccharides
via suction fltration. Te precipitates were dissolved in
ultrapure water and deproteinized using the Sevag method
[23]. After protein removal, the polysaccharides were further
purifed for 24 h using a dialysis bag with a molecular weight
cutof of 7 kDa, and the purifcation step was repeated six
times.Te solution that dialyzed in the bag was concentrated
and lyophilized to obtain PCHP for use in subsequent ex-
periments. Te molecular weight distribution and mono-
saccharide composition of PCHP were analyzed using
HPSEC-RID-MALLS (DAWNHELEOS,Wyatt Technology,
USA) and HPLC (ACQUIRED Arc., Waters, USA)
according to the previous methods with some modifcations
[24, 25].

2.3. Caenorhabditis elegans Strains and Maintenance
Conditions. Te C. elegans strains used in this study were
obtained from the Caenorhabditis Genetics Center (CGC),
University of Minnesota (Minneapolis, MN, USA), in-
cluding wild-type N2, daf-16 (mu86), daf-2 (e1370), TJ356
(zIs356 IV), skn-1 (zu135), sir-2.1 (ok434), and age-1 (hx546).
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All strains were cultured on nematode growth medium
(NGM) plates at 20°C (unless stated otherwise), and
Escherichia coli OP50 was provided as a food source.

2.4. LifespanAssay. Fifty synchronized L4-stage worms were
placed onto NGM plates containing diferent concentrations
of PCHP (2.0, 5.0, and 10.0mg/mL) or without PCPH
(control) and cultured at 20°C (from day 0). Te living
worms were transferred to a new plate at every alternate day
and recorded until all worms were dead (criterion: if the
worm had no response when it was slightly touched with
a picker, it was marked as dead) [18]. All lifespan assays were
performed independently in triplicate.

2.5.ReproductionAssay. Synchronized L4-stage worms were
individually transferred to a new NGM plate with or without
5.0mg/mL PCHP daily during the reproduction period. Te
total number of ofspring for each parental worm was
counted by summing the hatched progeny produced in the
entire study period [11].

2.6. Pharyngeal Pumping Assay. Age-synchronized N2
worms were treated with or without 5.0mg/mL PCHP. After
4 or 8 days of treatment, the pharyngeal pumping rate was
determined for 10 individual worms per 30 s [20]. Each assay
was performed in triplicate.

2.7.MotilityAssay. Twenty L4-stage worms were transferred
to NGM plates containing 5.0mg/mL PCHP and transferred
to new plates at every alternate day. Mobility was observed
on days 7 and 10. Te motility classes of the worms were
determined by scoring their locomotion phenotypes. Class a:
worms moved spontaneously and smoothly without
touching; Class b: worms moved uncoordinatedly or slowly;
and Class c: worms moved their head or tail scarcely after
prodding but were clearly alive [26].

2.8. Measurement of Reactive Oxygen Species (ROS). After
exposure to 5.0mg/mL PCHP for 8 days, intracellular ROS
levels in worms were measured using 1000 μM 2′,7′-
dichlorodihydrofuorescein diacetate [27]. Te plate was
incubated at 37°C for 2 h. Worms without PCHP treatment
were used as controls. Fluorescence intensity was measured
using a fuorescence microscope (excitation 485 nm and
emission 535 nm) and analyzed using ImageJ. Te assay was
performed in triplicate, with 20 randomly selected worms
per group.

2.9. Lipofuscin Assay. After exposure to 5.0mg/mL PCHP
for 8 days, the fuorescence intensity of worms was measured
using a fuorescence microscope (excitation 365 nm and
emission 420 nm) [20]. Fluorescence intensity was analyzed
using ImageJ. Worms treated without PCHP were used as
controls. Twenty worms were examined in each group, and
the assay was performed in triplicate.

2.10. Stress Resistance Assays. Synchronized L4 larvae were
transferred to NGM plates (both with and without 5.0mg/
mL PCHP) at 20°C. For heat stress assay, the worms (4-days-
old) were exposed at 37°C [27]. Te number of alive worms
was counted every hour until all had died. For the UV ir-
radiation assay, 4-day-old worms were irradiated with
254 nm UV light [27]. Te number of surviving worms was
recorded every day until the last worm had died. For the
oxidative stress assay, 4-day-old worms were transferred to
a new NGM plate containing 50mM paraquat with or
without 5.0mg/mL PCHP [20]. Surviving worms were
recorded daily until the last worm died. Stress resistance
assays were performed in triplicate.

2.11. DAF-16::GFP Localization Assay. Synchronized L4-
stageTJ356 (zIs356 IV) worms were transferred onto
NGM plates with or without 5.0mg/mL PCHP for 8 days.
Worms without PCHP treatment were used as controls.
After mounting on 2% agarose pads, the DAF-16::GFP
distribution was observed under a fuorescence microscope
(excitation 485 nm and emission 535 nm) and analyzed
using ImageJ [27]. Te assay was performed in triplicate,
with 20 randomly selected worms per group.

2.12. Quantitative RT-PCR Assay. Total RNA was extracted
from approximately 1,000 worms that were treated with or
without 5.0mg/mL PCHP for 8 days using TRIzol reagent,
and the RNA was converted to cDNA using the
PrimeScript™ Reagent Kit [11].Te RT-PCR was carried out
using a Bio-Rad Minioption™ Real Time PCR Detection
System (Bio-Rad, Hercules, CA, USA) with SYBR green
fuorescence dye (Vazyme Biotech Co., Ltd., Nanjing,
China). Actin was used as a reference gene, and the data were
analyzed using the 2−ΔΔCt method. Te primers used in the
experiment are listed in Table 1.

2.13. Statistical Analysis. Te results were analyzed and
presented as mean± standard deviation (SD) (n� 3). Te
survival curve of C. elegans was analyzed using GraphPad
Prism version 9. One-way ANOVA with Duncan’s multiple
range test or a Student’s t-test was used to analyze the
diferences between the experimental and control groups. A
p value less than 0.05 was considered as statistically sig-
nifcant (∗p< 0.05, ∗∗p< 0.01, and ∗∗∗p< 0.001).

3. Results and Discussion

3.1. Molecular Weight Distribution and Monosaccharide
Compositionof PCHP. As shown in Figure 1 and Table 2, the
HPSEC chromatogram of PCHP was divided into fve peaks
with a molecular weight distribution of 8.77×103−1.84×

106Da. HPLC analysis of the monosaccharide composition
revealed that the PCHP used in the experiment mainly
comprised Man, GalA, Glu, and Gal, with small amounts of
Xyl and Ara (Figure 2). Six monosaccharide standards were
employed to establish standard curves (Figure S1). Te
molar ratio of Man, GalA, Glu, Gal, Xyl, and Ara in PCHP
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was 13.8 : 3.5 : 22.7 : 2.7 :1 :1.3. Molecular weight and
monosaccharide composition of PCHP were afected by
diferent processing methods [14, 15]. Hydrolysis of poly-
saccharides resulted in changes of chemical structure and
monosaccharide composition during the processing [28].
However, the main monosaccharides of PCHP have not
changed according to the previous reports, they were Man,
GalA, Glu, and Gal [15, 29]. Tis study also provides strong
confrmation of the main monosaccharide of PCHP. Al-
though themonosaccharide composition of PCHP identifed
in this study was almost consistent with that of the previous

studies [15], the proportion was completely diferent, which
may be attributed to the samples being obtained from dif-
ferent geographical locations or changes in the processing
conditions.

3.2. Efect of PCHP on the Lifespan of Wild-TypeC. elegans.
To evaluate the antiaging properties of PCHP, the wild-type
N2 worms were cultured on NGM plates containing PCHP
with diferent concentrations at 20°C. Te mean lifespan of
C. elegans was greatly prolonged after treatment with PCHP

Table 1: Primer sequences for qRT-PCR.

Gene Forward primer Reverse primer
actin-1 CCAGAAGAGCACCCAGTC TGATGTCACGGACGATTT
daf-2 GCCCGAATGTTGTGAAAACT CCAGTGCTTCTGAATCGTCA
daf-16 ATCGTGTGCTCAGAATCC ATGAATATGCTGCCCTCC
sod-3 AGAACCTTCAAAGGAGCTGATG CCGCAATAGTGATGTCAGAAAG
sir-2.1 TGGCTGACGATTCGATGGAT ATGAGCAGAAATCGCGACAC
skn-1 CACGCCGTCAGCGAAGTA ATGCTCGGTGAGTATTGG
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Figure 1: HPSEC-RID-MALLS chromatogram of PCHP (consisting of fve peaks: peak-1 (22.9–29.4min, peak-2 (30.7–35.2min), peak-3
(35.8–40.0min), peak-4 (42.4–43.7min), and peak-5 (46.7–48.6min)).

Table 2: Te molecular weight distribution of PCHP.

No. Peak-1 Peak-2 Peak-3 Peak-4 Peak-5
Molecular weight 1.84×106 6.20×104 7.78×103 4.67×104 8.77×103

Error ±1% ±2% ±2% ±18% ±26%
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Figure 2: HPLC analysis of monosaccharide derivatives after complete acid hydrolysis of PCHP (1: Man-derivative; 2: GalA-derivative;
3: Glu-derivative; 4: Gal-derivative; 5: Xyl-derivative; 6: Ara-derivative).
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(2.0, 5.0, and 10.0mg/mL), which increased to 17.96± 0.48,
19.42± 0.20, and 18.07± 0.44 days, respectively, compared
with the control group (16.77± 0.04 days) (Figure 3 and
Table 3). At 5.0mg/mL PCHP, the largest mean lifespan
extension was displayed at 15.78%. Meanwhile, the exten-
sion of mean lifespan was increased by 7.07% and 7.71% at
2.0 and 10.0mg/mL PCHP, respectively. Te survival rate of
worms treated with 10.0mg/mL PCHP was higher than that
of worms treated with 2.0mg/mL PCHP before the middle
and later stages of life. However, 10.0mg/mL PCHP
accelerated aging at a later life stage. Tis suggests that an
appropriate concentration of PCHP is crucial from the
perspective of antiaging, and its efects may depend on
improving the energy metabolism of the mitochondria or
reducing the expression of DNA polymerase c [30]. Te
results indicated that 5.0mg/mL PCHP signifcantly pro-
moted the mean lifespan of C. elegans; therefore, 5.0mg/mL
PCHP was used to treat worms for comparison with the
untreated worms in all subsequent assays.

3.3. Efects of PCHP on the Reproduction, Pharyngeal
Pumping, and Locomotion of Wild-TypeC. elegans. Studies
have demonstrated that several physiological responses
accompany the aging process of C. elegans, including re-
productive behavior, pharyngeal pumping, and locomotion
capacity, which gradually decline with age [31]. To assess the
efect of PCHP on reproductive ability, which is a signifcant
indicator used to understand the aging process, the number
of eggs was used as a parameter to evaluate reproduction of
wild-typeC. elegans. Te results showed that treatment with
5.0mg/mL PCHP did not have a signifcant infuence on the
reproductive capacity of the worms compared to that in the
control group (Figure 4(a)).

Te food intake of C. elegans was estimated by counting
pharyngeal pumping. We observed that 5.0mg/mL PCHP
had no efect on the pharyngeal pumping rate on days 4 and
8 (Figure 4(b)). Te results indicated that 5.0mg/mL PCHP
did not improve the swallowing muscle of the worms,
suggesting that the efect of PCHP on life extension might
not depend on diet restriction.

To elucidate the efects of PCHP on the motility of
C. elegans, wild-type N2 worms treated with 5.0mg/mL
PCHP were evaluated. As shown in Figure 4(c), the motility
of worms was signifcantly improved at days 7 and 10,
representing two developmental stages (early-middle and
middle stages). In the two stages, the proportion of worms
that moved spontaneously and smoothly (Class a) was
considerably higher than that in the control, especially in the
middle stage. Compared to the control group, motility was
28.49% and 75.82% higher in Class a at days 7 and 10,
respectively.Tere was also an improvement in Class b in the
middle stage, which was 50.82% higher than that in worms
treated without PCHP.

Improving the health cycle is important for delaying
entry into the aging stage. In addition to lifespan extension
of PCHP, healthy aging is also very signifcant. Reproductive
behavior, pharyngeal pumping, and locomotion capacity are
the main healthy indicators used as signifcant consideration

during aging [32]. Our fndings revealed that PCHP did not
improve physiological functions, such as reproduction and
pharyngeal pumping. Terefore, treatment with 5.0mg/mL
PCHP showed no reproductive toxicity on C. elegans and
had no improvement in its swallowing muscle. Te results
revealed that PCHP did not cause damage to C. eleganswhile
extending lifespan. However, it signifcantly enhanced
motility, indicating that PCHP can promotemuscle health in
worms. Based on these observations, the efect of PCHP on
lifespan extension, at least in part, was ascribed to the
improvement of locomotion capacity.

3.4. Efects of PCHP on ROS and Lipofuscin Accumulation of
Wild-TypeC. elegans. According to the theory that the aging
process is dominated by free radicals, intracellular ROS can
accelerate aging by inducing oxidative stress [33]. To in-
vestigate whether PCHP could reduce the ROS levels in
C. elegans, we measured the intracellular ROS levels on day
8. Te intracellular ROS level in C. elegans treated with
5.0mg/mL PCHP was efectively decreased by 40.01%
compared with that in the control group (Figure 5(a)). Tis
study demonstrated that the efect of PCHP on lifespan
extension could be partly associated with the intracellular
ROS scavenging ability of PCHP in C. elegans, suggesting
that PCHP could stimulate the antioxidant defense system.

Accumulation of lipofuscin is a signifcant feature that
accompanies aging. Te efect of PCHP on lipofuscin ac-
cumulation in C. elegans was also assessed. In contrast to the
untreated worms, the lipofuscin fuorescence intensity in
worms treated with 5.0mg/mL PCHP was signifcantly
decreased by 28.78% on day 8 (Figure 5(b)), indicating that
PCHP could signifcantly decrease the accumulation of
lipofuscin in C. elegans, which might be associated with the
ROS scavenging efect.

Te balance between production and consumption of
ROS in organism is crucial, otherwise, it will cause oxidative
stress, which is related to a variety of diseases [12, 34].
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Figure 3: Te survival rate curves of wild-typeC. elegans treated
with 2.0, 5.0, and 10.0mg/mL PCHP at 20°C.
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Excessive ROS are generated as byproducts of aerobic
metabolism and are closely associated with the damage of
many macromolecules, including DNA, lipids, and proteins.
Previous studies have demonstrated that PRPs have strong
free radical scavenging ability and reducing capacity [30]. As
one of the main bioactive components in Polygonati rhi-
zoma, polysaccharides showed fantastic characteristic on
antioxidant activity [35–37]. Our results demonstrated that
PCHP signifcantly reduced the levels of ROS and lipofuscin
in C. elegans. Tis suggests that PCHP can signifcantly
improve the antioxidant properties of C. elegans and delay
senescence, whichmight be attributed to its great free radical
scavenging ability and reducing capacity [30].

3.5.Efects ofPCHPontheResistanceofWild-TypeC. elegans to
Stress. To investigate whether PCHP could improve lifespan
extension in C. elegans exposed to environmental stress, the
survival rates of wild-type N2 worms were examined under
heat stress, UV irradiation, and oxidative stress induced by
paraquat. PCHP (5.0mg/mL) enhanced the resistance of
worms to heat stress (Figures 6(a) and 6(d)). Te mean
lifespan increased to 7.33± 0.47 h compared with that of the
control group (5.00± 0.21 h), and PCHP signifcantly ex-
tended the mean lifespan of worms by 46.67%. After ex-
posure to UV irradiation, the mean lifespan of the control
group was determined to be 10.40± 0.14 days, whereas that
of the groups treated with PCHP was dramatically increased

Table 3: Efects of PCHP on the lifespan of C. elegans at 20°C.

Strain Group Mean lifespan± SD (days) Change
in lifespana (%)

N2 Control 16.77± 0.04
N2 PCHP (2.0mg/mL) 17.96± 0.48∗∗ 7.07
N2 PCHP (5.0mg/mL) 19.42± 0.20∗∗∗ 15.78
N2 PCHP (10.0mg/mL) 18.07± 0.44∗∗ 7.71

daf-2 (e1370) Control 37.96± 1.14
PCHP (5.0mg/mL) 26.55± 0.98∗∗∗ −30.06

daf-16 (mu86) Control 16.32± 0.78
PCHP (5.0mg/mL) 14.58± 0.26∗ −10.62

age-1 (hx546) Control 24.05± 0.46
PCHP (5.0mg/mL) 23.18± 0.95 −3.60

skn-1 (zu135) Control 18.84± 0.53
PCHP (5.0mg/mL) 18.91± 0.07 0.37

sir-2.1 (ok434) Control 16.82± 0.32
PCHP (5.0mg/mL) 16.34± 0.21 −2.9

Note: ∗p< 0.05, ∗∗p< 0.01, and ∗∗∗p< 0.001, signifcantly diferent when compared to the control group. aPercentage is relative to the control.
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Figure 4: Efects of 5.0mg/mL PCHP on the number of ofspring in C. elegans (a), the pharyngeal pumping rate on days 4 and 8 of
adulthood (b), and the locomotivity on days 7 and 10 of adulthood (c). ∗∗∗p< 0.001 indicates signifcant diferences when compared to the
control group.
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to 13.05± 1.03 days with a prolonging percentage of 25.48%
(Figures 6(b) and 6(e)). Simultaneously, worms treated with
PCHP had a signifcant mean lifespan extension (PCHP
group: 6.92± 0.86 days and control group: 3.98± 0.14 days)
by 73.64% under paraquat-induced oxidative stress
(Figures 6(c) and 6(f)). Tese results indicated that PCHP
can improve the resistance of worms against the damage
from environmental stress.

Oxidative stress is characterized by an imbalance be-
tween intracellular antioxidant defense activities and the
disorder of cellular redox balance. Oxidative stress and the
“free radical theory” are commonly used to explain aging
[33]. Similarly, the prolongation of the lifespan of worms is
accompanied with an increase in their resistance to stress.
Te stress modulation played an important role in lifespan
extension [38]. Based on the above analysis, PCHP showed
great advantageous for stress resistance under heat stress,
UV irradiation, and oxidative stress. Together with the efect
of PCHP on ROS, PCHP could efectively scavenge ROS and
mediate lifespan extension in C. elegans, which might be

attributed to its antioxidant properties that lead to improved
tolerance to oxidative and thermal stress. Tese results
suggest that PCHP could extend lifespan though enhancing
antioxidant defense system in C. elegans.

3.6. Efect of PCHP on the DAF-16::GFP Localization of
C. elegans. DAF-16 is an important transcription factor that
mediates the longevity and stress resistance inC. elegans, and
the nuclear localization of DAF-16 is indispensable for
activating downstream genes [39, 40]. To further study
whether the transcription factor DAF-16 plays a role in the
PCHP-mediated longevity of worms, the TJ356 strain
containing GFP::DAF-16 was used to uncover the impact of
PCHP on DAF-16 nuclear localization. Te results revealed
that the cytosolic DAF-16::GFP fraction signifcantly de-
creased from 67.33% to 22.67%, whereas the nuclear fraction
remarkably increased from 11.67% to 55.67% after treatment
with 5.0mg/mL PCHP compared with the control group
(Figure 7). Te intermediate fraction showed no signifcant
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diference between the two groups. It suggested that PCHP
could alter the distribution of DAF-16, which made the
DAF-16 in the cytosol translocate into nuclei. Te

translocation of DAF-16 can activate downstream genes that
mediate stress resistance and aging.Tus, DAF-16 is thought
to be involved in the PCHP-mediated longevity of worms.
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3.7. Efect of PCHP on the mRNA Expression of Aging-Related
and Stress-Related Genes in C. elegans. After confrming the
efects of PCHP on the longevity and stress resistance in
C. elegans in order to further explore the role of insulin
signaling in the PCHP-mediated lifespan extension, the
expression levels of genes involved in longevity and stress
resistance were evaluated in this study. Te results dem-
onstrated that 5.0mg/mL PCHP infuenced the expression
of daf-2, daf-16, sod-3, skn-1, and sir-2.1. Te expression of
sod-3, skn-1, and sir-2.1 was signifcantly upregulated after
PCHP treatment, particularly that sod-3, by 2.70-, 0.89-, and
0.78-fold, respectively, compared with that of the control
group (Figure 8). However, the expression levels of daf-2 and
daf-16 were upregulated by 0.09- and 0.13-fold, respectively,
with no statistically signifcant diference between the two
groups. Overall, PCHP diferentially regulated the expres-
sion of aging- and stress-related genes.

3.8. PCHP Extends the Lifespan of C. elegans via DAF-16/SIR-
2.1/SKN-1. Te IIS pathway, implicated in processes such as
metabolism, growth, longevity, and oxidative responses, is
able to modulate the lifespan in C. elegans. It is regulated by
the insulin/insulin-like growth factor receptor DAF-2 via
a conserved AGE-1/phosphoinositide 3-kinase (PI3K)/Akt
kinase-1/2 cascade, which terminates the regulation of the
transcription factor DAF-16 [41, 42]. DAF-16 is a major
target activated by decreased insulin-like signaling, which is
involved in lifespan and stress resistance [43].

To determine whether the PCHP mediated the longevity
of worms via insulin signaling pathways, the lifespan of daf-2
(e1370), age-1 (hx546), and daf-16 (mu86) mutants treated
with PCHP was explored (Figure 9).Te lifespan of the daf-2
mutant, a long-lived insulin-like signaling receptor mutant,
was not extended by PCHP (5.0mg/mL). Te lifespan of the
daf-2mutant treated with PCHP was signifcantly decreased
by 30.06% compared to that of the control group (Figure 9(a)
and Table 3). Tis might be related to the inactivation of
some genes induced by PCHP, which causes the greatest
acceleration in daf-2 aging [44]. Furthermore, the lifespan
extension efects of PCHP were absent in the loss-of-
functionage-1 (hx546) and daf-16 (mu86) mutants
(Figures 9(b) and 9(c) and Table 3). Tis indicates that
PCHP-mediated longevity requires an IIS pathway. Al-
though the expression of daf-16 exhibited no signifcant
increase in mRNA levels, the efect of PCHP on the
translocation of DAF-16 from the cytosol to the nucleus was
notable, indicating that changes at the protein level might
occur, which requires further investigation. Te sod-3,
a downstream target gene of daf-16 involved in the anti-
oxidant stress response, was remarkably upregulated after
treatment. Te efects of PCHP on the translocation of
DAF-16 and upregulated expression of sod-3 confrmed that
DAF-16 plays an important role in the PCHP-regulated
stress response. Taken together, the PCHP-mediated lon-
gevity and stress resistance of C. elegans are attributed to the
IIS pathway.

Te transcription factor SKN-1, a well-known antiaging
and longevity factor, plays a critical role in the antiaging and
stress resistance of C. elegans [45, 46]. It is activated to
regulate the expression of various genes encoding antioxi-
dant response proteins. To investigate whether PCHP-
mediated antiaging requires SKN-1, the lifespan of skn-1
(zu135) mutants was measured. Te results showed no
notable diferences after PCHP treatment (Figure 9(d) and
Table 3), indicating that PCHP-mediated antiaging is de-
pendent on SKN-1. In response to the increase in in-
tracellular ROS, as a part of the cellular defense system
against oxidative stress, the oxidative stress-response factor
SKN-1 protects the worms from oxidative damage [47, 48].
Te qPCR expression of the skn-1 gene, which is responsible
for antioxidant activity, was analyzed in wild-type
N2 C. elegans treated with PCHP to further validate this
efect. Compared to the control group, the expression of
skn-1 was signifcantly increased in C. elegans treated with
PCHP. Terefore, SKN-1 activates the oxidative stress de-
fense mechanism involved in PCHP-mediated antiaging
efects.

In addition to DAF-16 and SKN-1, other factors are
involved in the regulation of the lifespan in C. elegans. SIR-
2.1, a stress response regulatory transcription factor, encodes
an NAD-dependent histone deacetylase. Tis factor may
afect the lifespan of C. elegans by regulating the tran-
scription of stress-related genes [18, 46]. It has been sug-
gested that SIR-2.1 is likely to activate DAF-16 in a 14-3-3-
dependent manner [49]. To examine whether SIR-2.1 is
involved in PCHP-mediated longevity, a lifespan assay in the
sir-2.1 (ok434) mutant was performed. Te results showed
that the efect of 5.0mg/mL PCHP on lifespan extension was
entirely disappeared in the sir-2.1 (ok434) mutant
(Figure 9(e) and Table 3), indicating that PCHP extended the
lifespan of C. elegans in a sir-2.1-dependent manner. SIR-2.1
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could improve resistance to oxidative stress, and its
infuence on lifespan extension is needed for the
functional presence of SIR-2.1 [50]. It was conjectured
that the expression of defense genes could be upregulated
after treatment; therefore, the infuence of PCHP treatment
on the expression of the sir-2.1 gene was assessed in this
study. Compared to that in the control group, the sir-2.1
gene was signifcantly upregulated in wild-type N2 C. elegans
after treatment with PCHP, indicating that SIR-2.1 also plays
an important role in the lifespan extension of C. elegans by
PCHP treatment.

Tese fndings suggest that the lifespan extension and
stress resistance mediated by PCHP are associated with
DAF-16, SIR2.1, and SKN-1.

PRPs have strong antioxidant activity and can be used to
treat some diseases caused by an imbalance in the oxida-
tion–reduction processes in organisms [9, 30]. Although
studies have demonstrated that PRPs have antiaging efects,
the underlying mechanisms have rarely been investigated.
Furthermore, some studies have investigated the antiaging
efects of PRPs after wine stewing [30]; however, the anti-
aging efects andmechanism of action of PCHP processed by
steam baking remain unclear. Our results demonstrate that
the antiaging efects of PCHP after steam baking processing
might be associated with its antioxidant activity. It exhibited

better antiaging activity than the polysaccharides from raw
or wine-stewed Polygonati rhizoma. Studies showed that
PCHP could reduce the levels of ROS induced by oxidative
stress via regulating NRF2/HO-1 pathway [37, 38], which
can explain that the PCHP mediate antiaging. P. sibiricum
polysaccharides were found to have great efects on im-
proving the immune function and can be distributed in most
tissues of rats after administration [51, 52]. Furthermore, it
could regulate the gut microbiota in rats. Tese efects of
polysaccharide might be related to PCHP-mediated lifespan
extension in C. elegans. However, processing can change
polysaccharide characteristics, such as the type, quantity,
and sequence of monosaccharides. Terefore, processing
cycles that are appropriate for antiaging need to be in-
vestigated further. Reportedly, this is the frst systematic
study of antiaging and stress resistance on PCHP in
C. elegans, which is helpful in promoting functional food
research on Polygonati rhizoma, especially in
decelerating aging.

4. Conclusions

Overall, this study demonstrated that PCHP could decelerate
aging in C. elegans, enhance stress resistance, and beneft
exercise behavior by decreasing the levels of ROS and
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Figure 9: Te survival rate curves of mutants daf-2 (a), daf-16 (b), age-1 (c), skn-1 (d), and sir-2.1 (e), treated with or without 5.0mg/mL
PCHP at 20°C.
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lipofuscin and increasing the nuclear translocation of DAF-
16. PCHP signifcantly upregulated the mRNA expression of
sod-3, skn-1, and sir-2.1 in wild-typeC. elegans treated with
5.0mg/mL PCHP. Tis suggests that antiaging and anti-
oxidative stress efects of PCHP may be dependent on DAF-
16/SIR2.1/SKN-1. Our study provides an indispensable basis
for understanding the potential antiaging mechanism of
polysaccharides from P. cyrtonema. Furthermore, these
fndings demonstrate the benefcial efects of Polygonati
rhizoma on facing aging and provide a new perspective on
investigation of polysaccharides from nine cycles of steam
baking processing for Polygonati rhizoma on antiaging.
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